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CLAIMS 

[Claim(s)] 

[Claim l]It is a joining method of a silicon wafer which piles up the 1st silicon substrate in 
which a circuit element was formed, and the 2nd silicon substrate used as a plinth, and is 
joined, A diffusion prevention layer which prevents diffusion of Au to said 1st silicon 
substrate is formed, Form an Au layer on it and a diffusion prevention layer which prevents 
diffusion of Au to said 2nd silicon substrate is formed, A joining method of a silicon wafer 
forming an Au layer on it, piling up the Au layers of said 1st and 2nd silicon substrates, 
applying predetermined load and temperature, and joining the Au layers of both silicon 
substrates. 

[Claim 2]A joining method of the silicon wafer according to claim 1 forming said diffusion 
prevention layer with a metal thin film containing any at least one of Ti, nickel, Cr, W, and 
the aluminum. 

[Claim 3] A joining method of the silicon wafer according to claim 1 forming said diffusion 
prevention layer by silicon oxide. 

[Claim 4] A joining method of the silicon wafer according to claim 1 forming said diffusion 
prevention layer with a silicon nitride film. 

[Claim 5] A joining method of the silicon wafer according to claim 1 forming said diffusion 
prevention layer with a glass thin film by sputtering. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]In the manufacturing process of micromachines, such as a 
piezoresistance type semiconductor pressure sensor, an acceleration sensor, and an actuator, 
this invention relates to the method of joining silicon substrates in detail about the joining 
method of a silicon wafer. 
[0002] 

[Description of the Prior Art] Drawing 4 shows the structure of the piezoresistance type 
semiconductor pressure sensor as an example of the micromachine with which this invention 
is applied. This sensor has the work which takes out distortion of the sensor chip produced 
with minute pressure as an electrical signal. The sensor body which consists of the sensor chip 
21 and the plinth glass 22 is being fixed to the plastic package 23 with the silicone or the 
epoxy adhesive 24 of low stress. The breakthrough 25 which introduces the pressure of a fluid 
into the sensor chip 21 is formed in the plastic package 23 and the plinth glass 22. The 
closing-in part (diaphragm part) 26 of the sensor chip 21 is equipped with the piezoresistive 
element (not shown) which changes into an electrical signal distortion produced with the 
pressure of a fluid. The plastic package 23 is PURIMORUDO the lead 27 and electrical 
connection of a piezoresistive element and the lead 27 is carried out with gold or the wire 28 
made from aluminum. 

[0003]Drawing_5_shows an example of the manufacturing process of the sensor body which 
consists of the above sensor chips 21 and the plinth glass 22. The sensor board (wafer) 31 in 
which two or more sensor chips containing the diaphragm part 33 and the piezoresistive 
element 34 were formed, and the glass substrate 32 made from Pyrex glass equivalent to two 
or more plinth glass with which the breakthrough 35 was formed are joined by anode joining. 
Then, it can carve into each sensor body by dicing. Thus, by manufacturing the sensor body 
which consists of the sensor chip 21 shown in drawing 4 , and the plinth glass 22, the 
influence of the stress from the plastic package 23 is suppressed, and highly precise-ization of 
the sensor chip 21 is attained. 

[0004] Anode joining of the sensor board 3 1 and the glass substrate 32 is performed by 
impressing about [ 400-1000V ] direct current voltage between the glass substrate 32 and the 
sensor board 3 1 , and impressing hundreds of g load in a vacuum or a nitrogen atmosphere of 
about 300-500 **. The lower heater electrode 36 is formed in the glass substrate 32 side, and 
it maintains to 0V potential. On the other hand, the anode pin 37 is formed in the sensor board 
31 side, and about [ 400-1 000 V ] direct current voltage is impressed. 
[0005] 

[Problem(s) to be Solved by the Invention]In the method of joining the sensor board 3 1 and 
the glass substrate 32 by the above anode joining, there was a problem resulting from the 
slight difference with the coefficient of thermal expansion of the glass substrate 32 and the 
coefficient of thermal expansion of the sensor board (silicon wafer) 3 1 used as plinth glass. 
That is, since the stress resulting from the difference in the above-mentioned coefficient of 
thermal expansion is inherent in the sensor body which consists of the sensor chip 21 which 
carved the sensor board 31 and the glass substrate 32 which were joined, and was made by 
dicing, and the plinth glass 22, a sensor body has offset voltage. Change of the temperature 
characteristics of an output span cannot be disregarded, either. 



[0006]Then, it is possible to replace with plinth glass and to form a plinth with the silicon 
wafer of the same construction material as the sensor board 31. In this case, methods of 
joining the silicon substrate (henceforth a plinth board) used as the sensor board 31 and a 
plinth include the method by Au-Si eutectic bonding. 

[0007] Drawing 6 shows junction to the sensor board 3 1 and the plinth board 41 by Au-Si 
eutectic bonding. First, Au layer 42 is formed in the plane of composition of the sensor board 
31 by sputtering or vacuum evaporation at a thickness of several micrometers. Then, Au-Si 
eutectic bonding is formed by impressing the load of severalkilogram[/cm ] 2 to tens kg/cm 
for Au layer 42 of the sensor board 31, and the plane of composition of the plinth board 41 in 
piles in the atmosphere of a temperature (about 400 **) higher than the Au-Si eutectic 
temperature of 363 **. 

[0008]Thus, if a plinth is formed with the silicon wafer of the same construction material as 
the sensor board 3 1, the problem resulting from the difference in the coefficient of thermal 
expansion in the case of forming a plinth with glass like before will be solved. 
[0009]However, in the case of Au-Si eutectic bonding, as an arrow shows in drawing 6 , Au 
atom in Au layer 42 is spread inside [ of the sensor board 31 and the plinth board 41 ] silicon 
bulk, and, as a result, there is another problem that a void occurs in a plane of composition. 
When a void occurs in a plane of composition, there is a possibility that bonding strength may 
become weak and exfoliation by a joining interface may arise. 

[0010]Like [ in the case of this invention solving the above problems and forming a plinth 
with the silicon wafer of the same construction material as a sensor board in a pressure sensor 
], When joining silicon substrates, generating of the void in a plane of composition is 
suppressed, and it aims at providing the joining method of a silicon wafer without fear, such 
as exfoliation by a joining interface. 
[0011] 

[Means for Solving the Problem] The 1st silicon substrate in which a circuit element was 
formed as for a joining method of a silicon wafer by this invention, When piling up the 2nd 
silicon substrate used as a plinth and joining, a diffusion prevention layer which prevents 
diffusion of Au to the 1st silicon substrate is formed, An Au layer is formed on it, a diffusion 
prevention layer which prevents diffusion of Au to the 2nd silicon substrate is formed, an Au 
layer is formed on it, the Au layers of the 1st and 2nd silicon substrates are piled up, 
predetermined load and temperature are applied, and the Au layers of both silicon substrates 
are joined. 

[00 12] According to the above joining methods, diffusion inside the 1st or 2nd silicon 
substrate of Au atom in an Au layer is controlled by diffusion prevention layer formed in each 
silicon substrate. As a result, generating of a void in a plane of composition is suppressed, and 
firm junction is realized. 

[0013]As for the above-mentioned diffusion prevention layer, it is preferred to form with a 
metal thin film containing any at least one of Ti, nickel, Cr, W, and the aluminum. Or it is 
also preferred to form a diffusion prevention layer with silicon oxide or a silicon nitride film. 
A diffusion prevention layer may be formed with a glass thin film by sputtering. 
[0014] 

[Embodiment of the Invention]Hereafter, the embodiment of this invention is described, 
referring to drawings. 

[0015] Drawing 3 shows the embodiment which applied the joining method of the silicon 
wafer concerning this invention to the manufacturing process of the piezoresistance type 
semiconductor pressure sensor from drawing 1 . 

[0016] Drawing 1 shows the section of the sensor board 1 in this embodiment. In the closing- 
in part (diaphragm part) 2 of the sensor board 1, the piezoresistive element 3 which changes 
distortion into an electrical signal is embedded. Into the portion (thick part) used as a plane of 



composition with the plinth board 1 1 shown in drawing 2 . It is formed so that the diffusion 
prevention layer (barrier layer) 4 which prevents diffusion of Au atom may become a 
thickness of about 1 micrometer from thousands of A, and it is formed so that Au layer 5 may 
become a thickness of several micrometers by sputtering or vacuum evaporation on this 
diffusion prevention layer 4. By plating, the thickness of Au layer 5 may be increased further. 
After usually forming the diffusion prevention layer 4 and Au layer 5 in the whole sensor 
board 1 in a actual process, Resist grant, dry etching, resist removal, etc. are worked, These 
diffusion prevention layers 4 and Au layer 5 are removed selectively, chemical etching of the 
sensor board 1 is carried out with KOH solution, TMAH liquid (terra methylammonium hydro 
oxide solution), etc. after that, and the diaphragm part 2 is formed. In addition, various 
publicly known processes, such as the sandblasting method and the lift-off method, can be 
used. 

[0017]Drawing_2_shows the section of the plinth board 1 1 in this embodiment. The 
breakthrough 12 is formed in the plinth board 1 1 in the predetermined pitch so that it may 
correspond at a time to one plinth of each sensor. The breakthrough 12 is in the state joined to 
the sensor board 1 of drawing 1 , and has the work which introduces the pressure of a fluid 
into the diaphragm part 2 of a sensor. The breakthrough 12 can be formed by methods, such 
as ultrasonic horn processing, sandblasting, and chemical etching. 

[0018]Except for the portion of the breakthrough 12, the diffusion prevention layer 13 and Au 
layer 14 are formed in the surface of the plinth board 11. Like the sensor board 1 of drawing 
I, first, the diffusion prevention layer 1 3 is formed so that it may become a thickness of about 
1 micrometer from thousands of A, and on it, Au layer 14 is formed so that it may become a 
thickness of several micrometers by sputtering or vacuum evaporation. After forming the 
diffusion prevention layer 13 and Au layer 14 in the whole plinth board 1 1 in a actual process, 
for example, Resist grant, dry etching, resist removal, etc. will be worked, these diffusion 
prevention layers 13 and Au layer 14 will be removed selectively, chemical etching of the 
plinth board 1 1 will be carried out with KOH solution, TMAH liquid, etc. after that, and the 
breakthrough 12 will be formed. Conversely, after forming the breakthrough 12 in the plinth 
board 1 1 by chemical etching first, carry out the mask (stopgap) of this breakthrough 12 using 
a wax or a pillar-shaped pin, and it ranks second, Metallizing is carried out, the diffusion 
prevention layer 13 and Au layer 14 are formed in the portion except the portion of the 
breakthrough 12, and it may be made to remove what was subsequently carrying out the mask 
of the breakthrough 12. 

r00191 Drawing 3 is a sectional view showing the state where piled up the sensor board 1 and 
the plinth board 1 1 which were produced as mentioned above, and it joined. Au layer 5 of the 
sensor board 1 and Au layer 14 of the plinth board 1 1 are piled up. Under the present 
circumstances, alignment is performed so that the central part of the diaphragm part 2 of the 
sensor board 1 and the breakthrough 12 of the plinth board 1 1 may be mostly in agreement. 
And the sensor board 1 and the plinth board 1 1 add the load of number kg / cm 2 to tens 
kg/cm 2 in the direction which pushes one another mutually in a vacuum or a nitrogen gas 
atmosphere of about 400-500 **. As a result, the sensor board 1 and the plinth board 1 1 of 
each other are joined by Au-Au diffusion combination. 

[0020]Under the present circumstances, diffusion inside the sensor board 1 of Au layer 5 or 
Au atom in 14 or the plinth board 1 1 is controlled by the diffusion prevention layer 4 or 13. 
As a result, generating of the void in a plane of composition is suppressed, and firm junction 
is realized. 

[0021] The thin film of the metal whose thermal diffusion speed is slower than Au is formed 
like Ti, nickel, Cr, W, aluminum, and Mo as the above-mentioned diffusion prevention layers 
4 and 13. As for a metaled thermal diffusion speed, in 0.091 and nickel, according to 
Arrhenius' equation D=D 0 exp (-U/RT), 2.7 and Ag are [ Au / 0.44 and Cu of frequency factor 



Do ] 0.62 (a unit is 10 " 4 xm 2 xs"'). Thermal diffusion speed is so quick that frequency factor Do 
is small. Therefore, it is preferred that frequency factor D 0 chooses sufficiently large metal 
like nickel compared with Au. By sputtering, a metal thin film thousands of A thick is 
formed. 

[0022] As another embodiment, the diffusion prevention layers 4 and 13 in the above- 
mentioned embodiment may be formed by silicon oxide (S1O2). By CVD (chemical vapor 
deposition), a SiC>2 thin film is formed so that it may become a thickness of several 
micrometers from thousands of A. Si02 is deposited on CVD at the temperature of about 800 
** or less using the gas of a SiCl 4 -H 2 -C02 system. 

[0023] As another embodiment, the diffusion prevention layers 4 and 13 in the above- 
mentioned embodiment may be formed with a silicon nitride film (S13N4). By plasma CVD, 
an SisN 4 thin film is formed so that it may become a thickness of thousands of A. 
[0024] As another embodiment, the diffusion prevention layers 4 and 13 in the above- 
mentioned embodiment may be formed with a glass thin film. For example, by RF glow 
discharge sputtering, Pyrex glass #7740 is formed so that it may become a thickness of 
thousands of A. The degree of vacuum in the case of this sputtering is set as 10 " 2 torr from 10 

[0025]The joining method of the silicon wafer by this invention can be widely applied not 
only to the manufacturing process of a piezoresistance type semiconductor pressure sensor but 
to the manufacturing process of micromachines, such as an acceleration sensor and an 
actuator. 
[0026] 

[Effect of the Invention]As explained above, according to the joining method of the silicon 
wafer of this invention. Since diffusion of Au atom in an Au layer is controlled by the 
diffusion prevention layer formed in each substrate when joining the Au layers formed in each 
silicon substrate, generating of the void in a plane of composition is suppressed, and firm 
junction is realized. If the pedestal section of a semiconductor pressure sensor is formed with 
the silicon wafer of the same construction material as a sensor board using this joining 
method, generating of the internal stress by the difference in a coefficient of thermal 
expansion like [ when a pedestal section is formed with glass ] can be prevented, and the 
characteristic of a sensor can be improved. 
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TECHNICAL FIELD 

[Field of the Invention]In the manufacturing process of micromachines, such as a 
piezoresistance type semiconductor pressure sensor, an acceleration sensor, and an actuator, 



this invention relates to the method of joining silicon substrates in detail about the joining 
method of a silicon wafer. 
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PRIOR ART 



[Description of the Prior Art] Drawing 4 shows the structure of the piezoresistance type 
semiconductor pressure sensor as an example of the micromachine with which this invention 
is applied. This sensor has the work which takes out distortion of the sensor chip produced 
with minute pressure as an electrical signal. The sensor body which consists of the sensor chip 
21 and the plinth glass 22 is being fixed to the plastic package 23 with the silicone or the 
epoxy adhesive 24 of low stress. The breakthrough 25 which introduces the pressure of a fluid 
into the sensor chip 21 is formed in the plastic package 23 and the plinth glass 22. The 
closing-in part (diaphragm part) 26 of the sensor chip 21 is equipped with the piezoresistive 
element (not shown) which changes into an electrical signal distortion produced with the 
pressure of a fluid. The plastic package 23 is PURIMORUDO the lead 27 and electrical 
connection of a piezoresistive element and the lead 27 is carried out with gold or the wire 28 
made from aluminum. 

[00031 Drawing 5 shows an example of the manufacturing process of the sensor body which 
consists of the above sensor chips 21 and the plinth glass 22. The sensor board (wafer) 31 in 
which two or more sensor chips containing the diaphragm part 33 and the piezoresistive 
element 34 were formed, and the glass substrate 32 made from Pyrex glass equivalent to two 
or more plinth glass with which the breakthrough 35 was formed are joined by anode joining. 
Then, it can carve into each sensor body by dicing. Thus, by manufacturing the sensor body 
which consists of the sensor chip 21 shown in drawing 4 , and the plinth glass 22, the 
influence of the stress from the plastic package 23 is suppressed, and highly precise-ization of 
the sensor chip 21 is attained. 

[0004]Anode joining of the sensor board 3 1 and the glass substrate 32 is performed by 
impressing about [ 400-1 000 V ] direct current voltage between the glass substrate 32 and the 
sensor board 31, and impressing hundreds of g load in a vacuum or a nitrogen atmosphere of 
about 300-500 **. The lower heater electrode 36 is formed in the glass substrate 32 side, and 
it maintains to 0V potential. On the other hand, the anode pin 37 is formed in the sensor board 
3 1 side, and about [ 400-1 000 V ] direct current voltage is impressed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to the joining method of the silicon 
wafer of this invention. Since diffusion of Au atom in an Au layer is controlled by the 
diffusion prevention layer formed in each substrate when joining the Au layers formed in each 
silicon substrate, generating of the void in a plane of composition is suppressed, and firm 
junction is realized. If the pedestal section of a semiconductor pressure sensor is formed with 
the silicon wafer of the same construction material as a sensor board using this joining 
method, generating of the internal stress by the difference in a coefficient of thermal 
expansion like [ when a pedestal section is formed with glass ] can be prevented, and the 
characteristic of a sensor can be improved. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]In the method of joining the sensor board 31 and 
the glass substrate 32 by the above anode joining, there was a problem resulting from the 
slight difference with the coefficient of thermal expansion of the glass substrate 32 and the 
coefficient of thermal expansion of the sensor board (silicon wafer) 3 1 used as plinth glass. 
That is, since the stress resulting from the difference in the above-mentioned coefficient of 
thermal expansion is inherent in the sensor body which consists of the sensor chip 21 which 
carved the sensor board 31 and the glass substrate 32 which were joined, and was made by 
dicing, and the plinth glass 22, a sensor body has offset voltage. Change of the temperature 
characteristics of an output span cannot be disregarded, either. 



[0006]Then, it is possible to replace with plinth glass and to form a plinth with the silicon 
wafer of the same construction material as the sensor board 3 1 . In this case, methods of 
joining the silicon substrate (henceforth a plinth board) used as the sensor board 3 1 and a 
plinth include the method by Au-Si eutectic bonding. 

r00071 Drawing 6 shows junction to the sensor board 3 1 and the plinth board 41 by Au-Si 
eutectic bonding. First, Au layer 42 is formed in the plane of composition of the sensor board 
31 by sputtering or vacuum evaporation at a thickness of several micrometers. Then, Au-Si 
eutectic bonding is formed by impressing the load of severalkilogram[/cm ] 2 to tens kg/cm 2 
for Au layer 42 of the sensor board 31, and the plane of composition of the plinth board 41 in 
piles in the atmosphere of a temperature (about 400 **) higher than the Au-Si eutectic 
temperature of 363 **. 

[0008]Thus, if a plinth is formed with the silicon wafer of the same construction material as 
the sensor board 31, the problem resulting from the difference in the coefficient of thermal 
expansion in the case of forming a plinth with glass like before will be solved. 
[0009]However, in the case of Au-Si eutectic bonding, as an arrow shows in drawing 6 , Au 
atom in Au layer 42 is spread inside [ of the sensor board 31 and the plinth board 41 ] silicon 
bulk, and, as a result, there is another problem that a void occurs in a plane of composition. 
When a void occurs in a plane of composition, there is a possibility that bonding strength may 
become weak and exfoliation by a joining interface may arise. 

[0010]Like [ in the case of this invention solving the above problems and forming a plinth 
with the silicon wafer of the same construction material as a sensor board in a pressure sensor 
], When joining silicon substrates, generating of the void in a plane of composition is 
suppressed, and it aims at providing the joining method of a silicon wafer without fear, such 
as exfoliation by a joining interface. 
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MEANS 

[Means for Solving the Problem] The 1st silicon substrate in which a circuit element was 
formed as for a joining method of a silicon wafer by this invention, When piling up the 2nd 
silicon substrate used as a plinth and joining, a diffusion prevention layer which prevents 
diffusion of Au to the 1st silicon substrate is formed, An Au layer is formed on it, a diffusion 
prevention layer which prevents diffusion of Au to the 2nd silicon substrate is formed, an Au 
layer is formed on it, the Au layers of the 1st and 2nd silicon substrates are piled up, 
predetermined load and temperature are applied, and the Au layers of both silicon substrates 
are joined. 

[00 12] According to the above joining methods, diffusion inside the 1st or 2nd silicon 



substrate of Au atom in an Au layer is controlled by diffusion prevention layer formed in each 
silicon substrate. As a result, generating of a void in a plane of composition is suppressed, and 
firm junction is realized. 

[00 13] As for the above-mentioned diffusion prevention layer, it is preferred to form with a 
metal thin film containing any at least one of Ti, nickel, Cr, W, and the aluminum. Or it is 
also preferred to form a diffusion prevention layer with silicon oxide or a silicon nitride film. 
A diffusion prevention layer may be formed with a glass thin film by sputtering. 
[0014] 

[Embodiment of the Invention] Hereafter, the embodiment of this invention is described, 
referring to drawings. 

[0015] Drawing 3 shows the embodiment which applied the joining method of the silicon 
wafer concerning this invention to the manufacturing process of the piezoresistance type 
semiconductor pressure sensor from drawing 1 . 

r0016] Drawing 1 shows the section of the sensor board 1 in this embodiment. In the closing- 
in part (diaphragm part) 2 of the sensor board 1, the piezoresistive element 3 which changes 
distortion into an electrical signal is embedded. Into the portion (thick part) used as a plane of 
composition with the plinth board 1 1 shown in drawing 2 . It is formed so that the diffusion 
prevention layer (barrier layer) 4 which prevents diffusion of Au atom may become a 
thickness of about 1 micrometer from thousands of A, and it is formed so that Au layer 5 may 
become a thickness of several micrometers by sputtering or vacuum evaporation on this 
diffusion prevention layer 4. By plating, the thickness of Au layer 5 may be increased further. 
After usually forming the diffusion prevention layer 4 and Au layer 5 in the whole sensor 
board 1 in a actual process, Resist grant, dry etching, resist removal, etc. are worked, These 
diffusion prevention layers 4 and Au layer 5 are removed selectively, chemical etching of the 
sensor board 1 is carried out with KOH solution, TMAH liquid (terra methylammonium hydro 
oxide solution), etc. after that, and the diaphragm part 2 is formed. In addition, various 
publicly known processes, such as the sandblasting method and the lift-off method, can be 
used. 

[0017] Drawing 2 shows the section of the plinth board 1 1 in this embodiment. The 
breakthrough 12 is formed in the plinth board 1 1 in the predetermined pitch so that it may 
correspond at a time to one plinth of each sensor. The breakthrough 12 is in the state joined to 
the sensor board 1 of drawing 1 , and has the work which introduces the pressure of a fluid 
into the diaphragm part 2 of a sensor. The breakthrough 12 can be formed by methods, such 
as ultrasonic horn processing, sandblasting, and chemical etching. 

[0018]Except for the portion of the breakthrough 12, the diffusion prevention layer 13 and Au 
layer 14 are formed in the surface of the plinth board 11. Like the sensor board 1 of drawing 
I, first, the diffusion prevention layer 13 is formed so that it may become a thickness of about 
1 micrometer from thousands of A, and on it, Au layer 14 is formed so that it may become a 
thickness of several micrometers by sputtering or vacuum evaporation. After forming the 
diffusion prevention layer 13 and Au layer 14 in the whole plinth board 1 1 in a actual process, 
for example, Resist grant, dry etching, resist removal, etc. will be worked, these diffusion 
prevention layers 13 and Au layer 14 will be removed selectively, chemical etching of the 
plinth board 1 1 will be carried out with KOH solution, TMAH liquid, etc. after that, and the 
breakthrough 12 will be formed. Conversely, after forming the breakthrough 12 in the plinth 
board 1 1 by chemical etching first, carry out the mask (stopgap) of this breakthrough 12 using 
a wax or a pillar-shaped pin, and it ranks second, Metallizing is carried out, the diffusion 
prevention layer 13 and Au layer 14 are formed in the portion except the portion of the 
breakthrough 12, and it may be made to remove what was subsequently carrying out the mask 
of the breakthrough 12. 

[0019] Drawing 3 is a sectional view showing the state where piled up the sensor board 1 and 



the plinth board 1 1 which were produced as mentioned above, and it joined. Au layer 5 of the 
sensor board 1 and Au layer 14 of the plinth board 1 1 are piled up. Under the present 
circumstances, alignment is performed so that the central part of the diaphragm part 2 of the 
sensor board 1 and the breakthrough 12 of the plinth board 1 1 may be mostly in agreement. 
And the sensor board 1 and the plinth board 1 1 add the load of number kg / cm 2 to tens 
kg/cm 2 in the direction which pushes one another mutually in a vacuum or a nitrogen gas 
atmosphere of about 400-500 **. As a result, the sensor board 1 and the plinth board 1 1 of 
each other are joined by Au-Au diffusion combination. 

[0020]Under the present circumstances, diffusion inside the sensor board 1 of Au layer 5 or 
Au atom in 14 or the plinth board 1 1 is controlled by the diffusion prevention layer 4 or 13. 
As a result, generating of the void in a plane of composition is suppressed, and firm junction 
is realized. 

[0021]The thin film of the metal whose thermal diffusion speed is slower than Au is formed 
like Ti, nickel, Cr, W, aluminum, and Mo as the above-mentioned diffusion prevention layers 
4 and 13. As for a metaled thermal diffusion speed, in 0.091 and nickel, according to 
Arrhenius' equation D=D 0 exp (-U/RT), 2.7 and Ag are [ Au / 0.44 and Cu of frequency factor 
D 0 ] 0.62 (a unit is 10 ^Wxs" 1 ). Thermal diffusion speed is so quick that frequency factor D 0 
is small. Therefore, it is preferred that frequency factor D 0 chooses sufficiently large metal 
like nickel compared with Au. By sputtering, a metal thin film thousands of A thick is 
formed. 

[0022] As another embodiment, the diffusion prevention layers 4 and 13 in the above- 
mentioned embodiment may be formed by silicon oxide (Si0 2 ). By CVD (chemical vapor 
deposition), a SiC>2 thin film is formed so that it may become a thickness of several 
micrometers from thousands of A. Si0 2 is deposited on CVD at the temperature of about 800 
** or less using the gas of a SiCU-Efe-CCk system. 

[0023] As another embodiment, the diffusion prevention layers 4 and 13 in the above- 
mentioned embodiment may be formed with a silicon nitride film (SisN/j). By plasma CVD, 
an SisN4 thin film is formed so that it may become a thickness of thousands of A. 
[0024] As another embodiment, the diffusion prevention layers 4 and 13 in the above- 
mentioned embodiment may be formed with a glass thin film. For example, by RF glow 
discharge sputtering, Pyrex glass #7740 is formed so that it may become a thickness of 
thousands of A. The degree of vacuum in the case of this sputtering is set as 10 " 2 torr from 10 

[0025]The joining method of the silicon wafer by this invention can be widely applied not 
only to the manufacturing process of a piezoresistance type semiconductor pressure sensor but 
to the manufacturing process of micromachines, such as an acceleration sensor and an 
actuator. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing l] It is a sectional view of the sensor board in the piezoresistance type 
semiconductor pressure sensor manufactured using the joining method of this invention. 
[Drawing 2] It is a sectional view of the plinth board in a piezoresistance type semiconductor 
pressure sensor. 

[Drawing 3] It is a sectional view showing the state where piled up the sensor board and the 
plinth board and it joined. 

[Drawing 4] It is a sectional view of the conventional piezoresistance type semiconductor 
pressure sensor. 

[Drawing 5] It is a sectional view showing an example of the manufacturing process of the 

sensor body which consists of a conventional sensor chip and plinth glass. 

[Drawing 6] It is a sectional view showing another example (comparative example) of the 

manufacturing process of a sensor body. 

[Description of Notations] 

1 Sensor board (the 1st silicon substrate) 

2 Closing-in part (diaphragm part) 

3 Piezoresistive element 

4 and 13 Diffusion prevention layer 
5, 14 Au layers 

1 1 Plinth board (the 2nd silicon substrate) 

12 Breakthrough 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing l] It is a sectional view of the sensor board in the piezoresistance type 
semiconductor pressure sensor manufactured using the joining method of this invention. 
[Drawing 2] It is a sectional view of the plinth board in a piezoresistance type semiconductor 
pressure sensor. 

[Drawing 3] It is a sectional view showing the state where piled up the sensor board and the 



plinth board and it joined. 

[Drawing 4] It is a sectional view of the conventional piezoresistance type semiconductor 
pressure sensor. 

[Drawing 5] It is a sectional view showing an example of the manufacturing process of the 

sensor body which consists of a conventional sensor chip and plinth glass. 

[Drawing 6] It is a sectional view showing another example (comparative example) of the 

manufacturing process of a sensor body. 

[Description of Notations] 

1 Sensor board (the 1st silicon substrate) 

2 Closing-in part (diaphragm part) 

3 Piezoresistive element 

4 and 13 Diffusion prevention layer 
5, 14 Au layers 

1 1 Plinth board (the 2nd silicon substrate) 

12 Breakthrough 
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